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(57)Abstract: 

PURPOSE: To suppress vibration through a digital notch 
filter by performing a notch filter operation for an output 
signal from a controller at a rate predetermined times as 
high as the sample frequency and outputting the result 
as an actuator control signal. 

CONSTITUTION: A magnetic disc takes in positional 
error signals 14 at a sample frequency (f) into a DSP1 
through a magnetic head 7. Similarly, drive current 
signals 12 for an actuator 6 are taken in at same sample 
frequency (f) and a controller 2 having designed sample 
frequency of (f) generates a controller signal 10. A notch 
filter 3 suppressing mechanical resonance has a 
designed sample frequency of 2f and receives the 
control signal 1 0 being updated every other time. A 
control signal 1 1 for the actuator is outputted at a 
sample frequency of 2f from the DSP1. Since a 
resonance point of double frequency can be dealt with, 
effect of mechanical resonance having frequency equal 
to the Nyquist frequency of controller or above can be 
suppressed. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiners decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner s decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision 
of rejection] 



21.10.1994 



2697641 
19.09.1997 



BEST AVAILABLE COPY 



d9) B*®mft up) (12) & M ^ it & St (a> (wmitim&mn 

#W¥8- 126370 



(43)&»B ¥fiE 8 ^(1996) 5^178 


(51)IntCl. e 




F I 




H 0 2 P 5/00 


K 






G 1 1 B 21/10 


R 8425 -5D 












* W »*JSO»3 FD (£ 6 H) 




#S I P6-281494 


(71) mis A 


000004237 










(22) tarns 


¥$6 ^(1994) 10/121 B 




3fOstli8tK2ST@7#Ht 
















s^«SKSSTi7#i^ n*mm 
















Jr^JO Mm W\M 



(54) [fgWO^fM X?mU<D^)l^U-hV>7)VU—b<DPiSm&l?r£ 



(57) [gift] 

€4W^SOEHH% JflfcTf 3 V >y 7 * ;1/ * ©»J|*ff 

>7*;ms» f ctf-i- i/$)immim&micmt)& 




(2) 



«fW¥8- 1 2 6 3 7 0 



*t$aSgB<DA7j{i*§£ U fulSr-c s>*;Mt5ffiJi£ 

ntmrnmrnm^m^^y^imm.^. f {cthuiex 
wmumm^mtiiimcM LxmB^yzt^mwk f © 

1 1 



70 



wwMtmzmktziiLwmMfmft^z^u mm 

^ict5vmM&mmmm^<»^y*mmtz>c 
tick *o mMttmvmmtwmt ^y-yi-y-oi^om 

mmitiwmMm^zyyy°mm t xm^^ $?*;mi 

M^B^OjA^ milB/>y^7'C;l/^^<» 

ttmm%%<DnTm\<Dmw&%u [n] Ks-^t, to 

IBSIg©2fgcD-9->7;l/ja&|![ (+r>7;U$RaT/2) 
fct, itiiIBV>y^7i';l/£tfjfS3l 
[£5U] 



n 



n + 



-A n x n [n] + 



y Cn3 =C n x n [n] +D n u [ 



B n u [n] 
n] 



( 1) 



MIS7^^^x-^(D»M^y [n] ^LTtii^S n [n+l/2] fcSxJtfUB/ yf7>r 
fcftfc, 2] 

(n+1) TI$&jOiji|BIH8PSO«J?*fCft^fH»»0 5K 

1 



x n [n+l] =A n x n 



n-f 



+ B n u [n] 



1 ) 



= C x 
n n 



1 1 



n + +B„u [n] 

2 J 



(2) 



*frl/\ MiSr^^aX-^oSJjBI^y [n+1/ 

S5IB7 * a * ^»mi^<w zs^jimm* T / 2 

k + 1 



n 



n-f 



m 





f k 1 


= A x^ 


n+ 


n n 





uwi&<o&W-<»mfe<D-vy7°)\'mto&L (-y-yymrs 

T/m) fcLT\ 

BrjlB»§§<D?igcfi^MfB/ -y *7<{ >lf(Dmn&*m 



+ B n u [n] (0 <k <m) 



f k 




f k 1 


n H 


= C x 


n+ 


I m 


n n 


i m j 



+ D R u [n] 



(3) 



^tl^ txoimi} K o^TMIBT Wii-J 

y [n+l/m] LTltitltZ C 0, MIBT^ 

RgWoiBiiiailiW] 

[0 0 0 1] 50 



Bj*46gB©«Jl«l©j73StcBfl-r 5o 
[0 0 0 2] 

mmmc x ^ 7. * ®*» ?> ^ -y h <t ^ t# h n -9-- 

7a-b>y+)- (Digital S igna I Processor, TDSPJ 



(3) 



&FffW 8- 1 2 6 3 7 0 



[0 0 0 3] *W<D&T*£<!Iil«^{i^fc 
D S P^KO^fOffl-r^^tfe^o 
[0 0 0 4] cnteWU K*«S«*«a«tSJ8 

[0005] coaofie*©iwwsiii: lt> m^fi 

Zimm¥ 4-3 8 7 7 7 3&fBfz:H\ ffi£<DS»HStt 

fcWtS'vy FftB&a&SB«*2nT^ 

'So 

[0006] nnmwttD s p«©f^s;*;i/»jns» 

[0 0 0 7] 

^-£7*- V«y haWt*±tf*fc«6lC'»J---# 

[0008] d<Dfc46, »w#ig©B»»jra^«£fc 

[0 0 0 9] *»Wtt£©«fc3*H]B£K£#Tfc3ft 
fcfe©Tf*oTx *f6MOBWW:, •9->y;H*IBK*tt5 

;lSv?-74)l'*lc£*)fflM*n?c£ZnI&£t%M 



[0 0 10] 

/o -f«DW}ttZMW?Z£#lc, jtufBT^ax-^ofrJ 
§ C 4: tc «fc 0 $««}IC>Ii!)fi£ffl»£ /yf-74f\>* 

4ZDI£Stcl& o WE-9->^m»a f £T1MB7 
<y ^7 ^ ;l/**HK W«W©8W*m\ MfB»g§© 

7 p ;Wg$aJcT7 y ^7 ^ ;1/*iftJ?£fTfci/\ MfB7 y 
f - 7 )\y Z <Dtim.M£*mi7 7 f- a x- £ ©$IJ8P«# 

[0 0 1 1] *fgB^commr^7 7gB©«^«J©J73S 

;Wi#^aSBcOA7J«^i:L, MET*5>*;WI#tt 
aSBlCcfcO, WKKftCNv Ffc&iSS-ltar^ax 
-*<f>Wlft*®®t %>£$&, MIB77^iX-^©$iJ 

S c t: <fc 9 «S*8#ffi<9!i!iH£8iMf 577f7^;W 
©jH^T^JK^X'C7 7gBK*3^T^ tulBfifi^M 
ft §^^yy;mtPlT t-buIBtV s^HIWlgfitc 

V\ MlBWiJggtOnTBfgiJcDMP^u [n] 

/2) tcr, tms v 4 fr*ifis» 

* [»4] 



1 1 



n + 



= A n x n [n] 



y Cn] =C n x n [n] +D R u 



+ B n u [n] 
[n] 



(1) 



«frl\ iiuIB77^iX-*cDfrMl^y [n] t LT 

a*t«i:«t, (n+ 1) t «pauoiwEfW8Paio«ii 

*k:«ii2iia»»0»IW8* u [n] i:miIB7'y^7-f;b 



2<DVi&Ax» [n+ 1 /2] fC 

[»5] 



o"tHuIB7-y^7-C 



x „ [n+ 1 ] = A x_ 
n n n 



1 



y 



1 



n + 



n n 



n + 



n + 



2 J 
1 



+ B n u [n] 



+D u [n] 
n 



(2) 



(4) 



ffUfW 8- 1 2 6 3 7 0 



fcfflA fHE7*?-aX-*(0*!limi^y [n+1/ 

cooi2] *mn<DM%7j 7,tm.w<DPkWMntt 

k+ 1 



n 



n + 



m 



n n 



[2&6] 



n + 



m 



n + 



= Cx n 
n n 



n + 



m 



+ B Q u [n] (Ogk<m) 

- (3) 



+ D n u [n] 



SiJSUfs^y [n+l/m] £ LT&tstZZ. *), 
[00 13] 

[0 0 14] 

[0 0 1 5] m 1 «> *^(D-HSSPcD^^1-^ 

[0 0 l 6] 0l£#i?LT, ^MxYX^SBtCtil 
&&^C«$#©l&^7^X^$gft8 (ft r^x 

^1 3 Z$i®?zrcZb<Dm^-y K7^LTi/^ 0 
[0 0 17] {4Bi?Hfi^fg£g§91?&> B&fl'vy F7 

Kj;0x^x^ffi8^e.t#?)n^-9— 4?fit^ 1 3*>e>, 

2 F7-y*&t^L4 F^-y^T 1 ^»§^:&5Z;$^£^I^§■ 
£ LT, $M^-y F7£x-£F^"y^4^£<D{£BP 

[0 0 18] {uB^£Hl*§ 1 4Rrii^a'vy F7&&I6 
£#37^aX-*cDigIMi?ltjt*f 1 2^7^-D^x 
^v^l/^MgS (ADC : Analog Digital Conver 
ter) tc«tOxV^^^{l^{c^LT-rV> ! ^;l/>'^ *o 
■f^P-tr-v+f 1 (Digital S ignal Processor, TD 
SPJ t^o) lz\t)L, DSP lfciOT^faX- 

2 6£D$iJW§l l^^-r^o 

[0 0 19] DSP l^P,tti7J^n§$iJffil^ 1 Iter 
^ v ? ^;l/7rny^§§4 (DAC : Digital Analog 

Converter) tc<fc 5 7tn^|§(:^LT7^f a 
X-^|giif|j5ftl 2^LT7^^aX-^6(cA^^tl 

"So 

[00 20] $fc> DS P lfc:J:<?7y-^:xX-£6tf) 
ftJWt^l l££/£-f £jSSte, rVX^8<D-r-*r- 50 



? -y ^jgft-T^'vy K<SB^i6$tJil^'N>y F*8!l<D h 
v-y^k:#IS£-e5'vy F7^-trX$iJi]^©y >y^7-f 

m\-z^%7 5* ^-zmmmm o okt rasp 
[0021] xm&mtc&f&mfs.T'j xtmmxiz, 

Mnr»y F 7 6$>ffi!llRgft^ l 4 *-9-:y:7*;WB8H& 
f [Hz]TDS P ltBlOiitfo 

[0 0 2 2] PltlltT^^aX-^eOKIMiaEfi^l 
2 fcraUtfy7VWS»S f [Hz] 9 

f [Hz] LT8frStt;fcS!l«|& 2(c<fc t> SUflPSS^ 
€1 0*4/StSo 

[0 0 2 3] «««fi#Jlltffiffl*S«£K:H\ COSfl» 

§§ffi^ 1 Ofcfc 0^>y HOffilK*i6ttff*ff 3 c £tf rJ 
5 0 

[0 0 2 4] fcfcU Hft«4««fVX*girett, 

[0 0 2 5] CCX\ / ^7^/1/2 3 «\ ^TVUS 
^/i;LTtti|Hl43^ (i^/*;l/fet) KMSfSnsi&l 
2 f [Hz]<D-9->7;^ffi^ C^y7°jimm= l / 2 f ) 

[0 0 2 6] tr>7;l/^fH^T= 1/f 
B^Mfl^ 1 4%-V-y7)U$mTX*D S P 1 (c^^jA 
tfo |5)«tcLT, 7^^iX-^6<D|gS)tt^fi^l 2 

fe-9->7 , ;l/^KT= l/f -y-y^W^T 
"PRff-«nfe{69»« 2 (c i »3 feWPIgflre i o 

So 

[0027] nTmio&mmmmm 4 msr*?* 3. 

i-*©IKIMKlEflS#l 2^&r [n] *JSU§§ 

ffl^u [n] ^5l<A6^^>7 , ;l/B#KTT^ft$n/cSlJfflI 
( B8C7] #BS) 0 



A 



[00 28] 



(5) 



W8- 1 2 6 3 7 0 



5 



CIS 7] 



x c [n + 1 ] =A c x c [n] +B c r [n] 
u Cn] =C c x c [n] +D c r [n] 



(4) 



[0 0 2 9] C<OSJ»£2lC;tfLT\ ZfeWyffrm *K 7^al-^Wi§y [n] tLXtiitlt 

m l, »§§ 2 oftft$ic * (omism u [ n ] icm i o o 3 0 ] 

■3£7<y^7^;l/*3©iltl? ( [»8] * [ft8] 

1 



n 



n + 



= A n x n [n] +B n u [n] 



y [n] =C n x n Cn] +D n u n [n] 



( 1) 



[00 3 1] (n+1) TB*8l0SJ»S2©ii 

iBM2Qffi*ffi&u [n] t77f7^;^3 
®4$ilxn [n+1/2] fcafrcK/yf-?*;!/^ 
©*SSfE ( [ft 9] W *ffC\ HtKfcLT, T^^i 

x-^OftJfflOTy [n+1/2] £ LTmtl?Z> C t % 

1 



x n [n+l] =A n x n 



n + 



n + 



= C n x n 



1 



n + 



[0 0 3 2] 
[»9] 



+ B u [n] 
n n u J 



+D u [n] 
n n L J 



(2) 



[00 3 3] C<0«k3**J5KK«fc»), 7>y^7-f;b*3 

Otfy^WISStt, ffiBflMfl^fi 4 co-try T^ig 
ft© 2 ffiftKS c ^pJhIJc^So 
[00 3 4] <&MK3HI# 1 4 © 

£<"T3*>\ 7^X*8©IIlifgft£±tf£&g#fcS 0 
[0 0 3 5] L^L^P). -9— 4?-b^^»*^<f -5 

r^x*8<D®&ft£±tf5c£{co^Tfc, 

[0 0 3 6] CtUcflLT, *»WfcJ:titf, fiB^M 

4c99->7VWii£tfc£7-y^7^/l/£cQ^;/7;l/ 
S»a*|S|i;ft:Lfc«^i:J±tS!LT, 2 flg<ojg|iftft<0£ 

[0 0 3 7] gcfc, *fgB^tc«fcntt\ D S P 1 <DmW8f 40 

<0i«ia(c J: t) «*«IR*«ijJh^- S c pJdi 4: * ti. ± 

[0038] &L±*%w%±&mffimicwLTmmLtz 



[0 0 3 9] 

l) tJcntf, r-r:>*;l/>'v*\7-f;l/*&Jl^Stfc 
ffitB^M{l#(D©i9^Ra : />y9 L 7i';b^^ 
l^^feiliiSOif^ 7Vmi£S £*f LT7 >y ^7 -r 
©■9->7*;l/^ffift*^S<%t), *J»»o^-r*x hffifc 

[0 0 4 0] *fgH^ (SI^Sl, 2) tJ:ntf, 

«?n5^€>*M*Sf :M'*Xhflifcft<fc 

0 Av^flMKSjfitc *f LT t SMPftofifftq &ft<Qii;iI 
fk^StLT, Scfctf-et**:^ 3 

[0 0 4 1] *?gBS (H*^3) fcfcftfcf, r 

fe, v;l/^U-Mty7 p ;l/7aSOf f -i'v > ^;l'7-y^7i' 

[BSiQffiiji&PIB] 

[0 1] *fgWO-ll«5M<D»lS**-rrnry^H-Cife 
[0 2] *S6WOIi}*»**8lW^*BIT*S. 

1 DSP 



(6) 



ftKW 8-126370 



2 (y«y*-7*;l/**|fc<#J»S) 

3 Jv^f-J-ifoZ 

4 : T4 i J$iW-fu>?m.W& (Digital Analog Co 
nverter) 

5 Ti-uVT-fi/Zfr^&m (Analog Digital Co 
nverter) 

6 7^al-^ 



/0 

i o «i«p88Jl? 

1 1 7^^aX-^(D$IJfflIfi# 

1 2 T^fax- 

1 3 v-x\m 

1 4 ft 



[01] 



[02] 



I 

t 
1 
I 
I 



I 
I 

u 



f[Hz] 



• 



f[Hz] 



si fig a 



7 

10 



21 [Hz] 



21 [Hz] 
1 



l[Hz] 



11 





J 4» 


0 AC 





I 
I 
I 



ADC 



T 

14 



12 




13 



r H 




